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ABSTRACT

A guide has been developed that contains
the Research Computation Center standards for
documenting, revising, classifying, submitting,
identifying, obtaining, and evaluating computer
prc rams at 1iNR,. It is anticipated tLht the
use of such standards will promote efficient
organization of an RCC Program Library and will
provide for maximum effective usage of th.is
program library throughout NRL.

PROBLEM STAIUS

A final report on one phase of the problem;
work is continuing on other phases.

AllIIHORIZAFION

NRL Problem B02-03

Project RR 004-09-41-5101
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lie authors are indo'hted to the many
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?ESEARCH COMPUTATION CENTER PROGRAM PUBLICATION GUIDE

i. INT'?RODUCTION

ihis~ guide contains the Research Computation enter (RCC) standards

for documenting, revising, classifying, submitting, identifying, -btai, in

an eval uatineg programs which exist or are to exist in the Control Data

Corporation CO-OF Users' Group (CO-OP) and/or RCC Program Library. Ihese

proposed standards are in part patterned after those proposed by CO-OP.

Plage numbers of this Guide consist of the Chapter Number followed uy

a sequn-riaJ nuimber; e.g., "2-l" means Chapter II, page 1.

Chapter II contains information on how to specify zero and 'he
letter 0, how to specify blanks, and when to use upper case and lower case
letters in documentation.

Chapter III specifies the format for program documentation. Write-ups
of major prorrams of a permanent nature will be published as NF Reports
and/or NRI Computing References. Wrire-ups of other programs that are of
a more temporary or changeable nature will be published as NRL Memorandum
Reports and/or NW Computing Bulletins. The decision as to which category

a write-up belongs usually will be made by the program originator and !he
RCC. Programs will also be submitted to CO-OP upon request by the
cont riln4 or.

Chapter IV describes 'he program identification numbering system that
is used to uniquely identify each program or subroutine deck. This num:er
, ;1i1 asu . nsd e Poi filing purpuses in the RCC Progrsm ;ibrary.

Chapier V specifies standards for internal documentation ,f programs
usir g comment or remark cards.

Cbator V1 defines the minimum equipment configuration that is
assumed in docuien Lation of programs.

Chapter VII specifies the procedures for supplementing or revisin-
a program write-up.

Chapter 111 specifies the procedure for submitting a program lc
iCO-OP andIor }P<'C for inclusion in the RCC Program Library.

Chapter IX spee>xfies the contents of a program brief wi,h is
necossary in . ,, , utaln an RCC Identification Number for a progran
deck. Addendum 1 okrtains a sample program brief.
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la rX specli iies the procedure for oft airiri- a procrn wnich.
ix sts jin tii(, CO-01 and/or iiCC Prot-rx 1.1 trarly.

"hapt,-r XT- 'hie Sut~mil tal tCoim require]I iy , -OP when. su~rri~r
a proucram. iucxiin htains a sampie sut.rni ttai Corti.

Tiap cc X Ti I c :c evaliial Iin form requi red 1by the FCC when csii,
" CO-CT anc ,r IRCf IT i .'ary pro _ram.

ChapteI Xis', 1wnd def'ines th~e classfiication codes zsed L
'Y~} and tlitv

A thle wri te-up of a suiLroutine usir. 4,he recommendie]

orma' en iMi Chap~e HI11.

Addtndumr 13 ccn~ains a sample protbram brief as describ:ed in Chapter IX.

Addenumr C con'aiiis a sample submittal foim as described in Chapte r XT.

it Sm d nw~ed that thnrc!fhout thiis cuide, an,, refere.nce
R ( I' jr ar I rar, is no t a r e ere noe to I-he ccrrnmter system L'racr
(I -e . tleorl-I ir itrary fi' e). ilhe FCC Pro'-ram Lilfrar,; is s imrpi.

0,1 i 'n I t' pr-,an,,s main taied on file IV t lie RC(', where each' rrc, -a ,t
it- -k isy ideni fied hy an FCC Ident it a'ion Num~ or as defi irud

1 -2



i!I. DOCUtIJNTATION SIYLE STANDARDS

GRAPHIC CONVENTIONS

0 versus

The letter 0 is typed when it appears in examples

and definitions of text to be input to he -Omrp ,'er,

but not otherwise. For example: TDhe control card

"7CMPASS,L" will cause COMPASS assembly with a

listing. In particular, examples of computer .utj~u'

do no, need slashed Os.

Blanks

When it is necessary to call attention to explici

blanks in a text, carets are used. For example:

The teitmination label is ,ENDREELA INL A.

UPPER CASE versus I -R CASE

When referring to a langnuage in general it is appropria-te
to write thc lant-uage name in lower case letters with "he

initial letter in upper case (e.t. - Fortran). H -w?,er,

the propor name of a particular compiler or system iS

u,.sua[ Ly writ ten in upper case (e.g,. - FOnYiITAN TV, DRIM
sCoPE).
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III. FORMAT FOR DOCUMENTING PROGRAMS AND SUBROUTINES

Siown below is the basic outline of the format, to be used whenever
possible, to document programs or subroutines. Following the basic
outline is the format including a detailed description of each heading.
This format is patterned after that contained in the "CO-OP Handbook,
Part III: Program Catalog, Section 1: Program Classification Requirements"
of June 1968. Users wishing to submit their programs to the RCC for
distribution to CO-OP and/or to other users are encouraged to follow
these conventions.

All items of the format should be completed by the author where
possible. All information essential to the usage of the routine must
be included. When an item is not applicable, or has not been determined,
this should be explicitly stated. If necessary, the user may consult
with RCC staff members to det"rmine how to handle any items in doubt.
Throughout the write-up, examples should be used to clarify and
illustrate usage.

Addendum A gives the write-up of a subroutine using the format
specified below.

7he basic outline is as follows:

1.0 IDENTIFICATION
1.1 T.itle
1.2 Identification Name

1.3 Classification Code
1.4 RCC Identification Number

1.5 Entry Points
1.6 Programming Language
1.7 Compater and Configuration
1.8 Contributor or Programmer
1.9 Contributing Organization
1.1O ProgTam Availability

1.1o.1 Submittal
1.10.2 On File

1.11 Verification
1.12 Date

2.0 PURPOSE
2.1 Description of the Routine
2.2 Problem Background

3.0 USAGE
3.1 Calling Sequence or Operational Procedure
3.2 Arguments, Parameters, and/or Initial Conditions
3.3 Space Required (Decimal and Octal)

3.3.1 Unique Space
3.3.2 Common Storage
3.3.3 Temporary Storage

3.4 Messag, s and Instructions to the Operator
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3.5 Errcr Returns, Messages, and Codes
3.6 Informative Messages to the User
3.7 Input
3.8 Output
3.9 Formats
3.10 External Routines and Symbols
3.11 Timing
3.12 Accuracy
3.13 Cautions to Users
3.14 Program Deck Structure
3.15 References - Literature - Appendices

4.0 METHOD OR ALGORITHM

5.0 FLOW CHART AND/OR SOURCE LANGUAGE LISTING

6.0 COMPARISON

7.0 TEST METHOD AND RESULTS

8.0 ROMARKS

The format including a description of each item is as fullaws:

1.0 IDENTIFICATION

1.1 Title

Give a descriptive title of the routine, limited
to epproximately fifty characters which are included
in the Fortran character set, to facilitate indexing
and listing.

1.2 Identification Name

This descriptor consists Gf the following three
items of information, separated by hyphens:

(a) the two character classification code
as defined in section 1.3.

(b) the CO-OP code for the contributing
organization (NFL).

(c) an alphanumeric descriptor of the routine
not to exceed eight characters. This
name can not contain embedded blanks or
special characters.

The identification name is used by CO-OP and the
RCC for further indexing and identification.

For example, given an NRL routine with a classification
code of C3 and a descriptor of BESSEL, the identifi-
cation name would be C3-NRL-BESSEL.
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1.3 Classification Code

(live both the code designation(s) and the verbal
translation. The code designation consists of a
letter, indicating the primary class, followed by
a digit indicating the sub-class. The aaila-le
olassification codes and their descriptions are
iiven in Chapter XIII.

4i i.4 RCC Identification Number

'This eight digit code number uniquely identifies
each program or subroutine deck. The content and
construction of this number is described in
Chapter IV. List each program and subroutine along
with the identification number for each when appli-
cable.

1.5 Entry Points

(;i - the alphanumeric code nane of each en-try
point in alphabetical order. If the name of the
routine in which the entfy point occurs is differ-
ent frcn the entry point name, then the name of
the routine should appear in parentheses to the
right of the entry point :ame.

1.6 Programming Language

Indicate the language(3) in which 'he routine is
written, and specify t: type of routine, i.e.,
program, sutroutine, o~r system. Also specify the
operating system under which the routine was written
and tested.

1-7 Computer and Configuration

Specify the computer for which the routine was
written (e.g. - CDC 3800). If a special configura-
tion or equipment complement different from that
defined in Chapter VI is needed, state the particulars.

1.8 Contributor or Programmer

Specify the name, NRL code, branch, and division
of the programmer(s) who wrote the routine. If
someone other than the prc-grammer(s) given should
be contacted in case of difficulties with the
routine inclizde this inforniation.
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1.9 Contributing Organization

Include the CC-OP organization code (NRL), name
(Naval Research Laboratory), and address (Washington,
D.C. 20390) of the contributing organisation.

1.10 Program Availability

1.10.1 Submittal

List all of the materials pertaining to the
routine which are being submitted to CO-OP
and/or RCC (Example: Program write-up,
Fortran source deck, source listing, etc.).

1.10.2 On File

Specify means of obtaining the routine if
other than through the means stated in
Chapter X. For example, the routine might
be on the on-line system library, in a perma-
nent file on mass storage, or on file by the
contributor. Also specify all the materials,
pertaining to the routine, which exist on file
by the contributpr if other than those given
in Section 1.10.1.

1.11 Verification

!his section is to oe used by the RCC to indicate to
what extent the RCC has checked the routin,.- and the
testing procedures used.

1.12 Date

Specify the date of the routine write-up. Should any
revisions be made to an existing routine, the original
date and the dates of any other revisions shall be
included together with the date of the current re-ision.

2.0 PURPOSE

2.1 Description of the Routine

Give a brief general description of what the routine
does. Me purpose should provide sufficient information
so that a reader can decide whether or not the routine
may meet a particular need.

3-4



Spey !he unique probL'em 2chara-erisliios '..a, le.,
the program, prior teJ,.r I qu-es employ;ed in a-. a:

to res. e~ 'he prot Iem, and Iimi at iors cfP rrior
tniqes ratpre.ented an ef .CS ~

UI .alirq- Sequence or 0Operaticnral Prccedu_,re

ST,,e -if y +the CalI( s) rccedurre ( s whic -Li ne cessairy
cti ize the rcu tin ) inl4n te ,ise a

enlry Ioints. Specify and defline the frcin al"
entry points.

3.2 Aruaments, Parameters, and/or initialCitis

Describe allI artgumcnts, Learameters, and arra,,s needed
tW utilizte the rcutine(5). This description should
inc lode what the argu-,tnts represent in the physic-a'
problAem, mode, and any size informration: or liitaT_'ons.
Alsco desribe any assumpt'ons made bY each ro-utine
wrien il is called.

3.3 S~3  Required (Decimal and Octal)

,.3.1 Unique Storage

Specify all unique core space requirements uf
the routine, excluding common blocks.

3.?Common Blocks

Specify the name and lengt-h of all I omrmon Aics
required by the routine. Also specify thle name_-
of' the arrays or cells within each- k-ommon 1 -ck,
including their lenpth, their function, their
mode, and all routines which use each- -ell cr
irray. One concise way to show some of this
information is shown by the following irndginary
exampl e:



ROUTINES COMMON BLOCKS

MLOCK _RDC BLOCK SB7

ADVGADV . NCW NIP SORTA(257) scALE(s)

ADDLIST X X X

FI X X

M U C X -X 
X

RDSPEC X

SPECPR I X Y X X

SPECPN lX X

TOTAL X

* indicates real (floating point) mode
(all other variables are in integer mode)

3.3.3 Temporary Storae

Temporary storage areas are those areas that
contain pertinent information only at certain
times in a run and at all other times the contents
of the areas could be destroyed without consequence.
Specify the names of temporary storage and the size
of each along with the names of all routines that
use the temporary storage. It should be approp-
riately noted if the temporary storage is included
in unique or common.

3.4 Messages and Instructions to the Operator

Specify and define any messages given to the operator by
the routine and any special operator instructions such as
special tape handling procedures. In general, output
messages to the operator are discouraged by the RCC.

3.5 Error Returns, Messages, and Codes

Include a list of the error situations (error returns,
error codes, and error stops) that are detected and the
action taken. Any diagnostic messages should be speci-
fied and described. Also specify whether each error
causes normal or abnormal termination of job execution.
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If an error situation in this routine can cause
diagnostic action by another routine or the system
monitor, this action should be described. When
possible, recommend the action for the programmer
and/or operator to take.

3.6 Informative Messages to the User

Specify and define any messages that gi':e information
rather than indicate an error. All messages in this
cate.ory assume that the run continues without any
action on the part of the user.

3.7 Inpt

Include (where applicable) the input media (cards,
magnetic tape, etc.), logical unit assignments,
labels, densities, tape numbers, and clarifying
descriptions for all input required by the routine.

3.8 Output

Include (where applicable) the output media, logical
unit assignments, labels, densities, tape numbers,
and clarifying descriptions for all output generated (
by the routine. Estimates of the output volume shculd
also be included when possible.

3.9 Formats

Describe the formate and contents of all. input and
output data. Often it is helpful to include a list
of format statements or format specifications for
each field.

3.10 External Routines and Symbols

List in alphabetic order each routine and tbe external
symbols that each routine calls. One concise way to
show this information is by use of a table that would
have the names of the routines down the left side, all
external symbols across the top and checks in the
appropriate rows and columns. If the name of the
routine in which the external symbol occurs is differ-
ent Crom the external symbol, then the name of the
routine should appear in parentheses to the right of
the external symbol. Also indicate where each external
routine is physically located (system library, RCC
Program Library, etc.) if not within the proLram dek.

0
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.]TiminC

When possiole, estimates of running time should Le

pro. ided.

3.12 Accuracy

i- mathematical ruutines, statements of a 7uracy,
precision, or the magnitude and propagaiior. of errors
should be included.

3.13 Cautions to Users

Include anything of a cautionary nature.

3.14 Program Deck Stricture

Specify the decK structure for a run, includinz control
cards, routines, and data.

3.15 References - Literature - Appendices

List and describe any references, literature, appendices,
or other documentation that pertain to this ro-. ine.

4.o METHOD OR ALGORITM

Des,'rihe how the routine works in regard to the mathemaics
or algorithm. Describe the programming teclniqies and melhods,
supporting theory, design, computation equations, and the
derivations of the comptation equations to substantiate or
illustrate the program and emphasize its advantages, if any,
over previous methods.

5.0 FLOW CHART AND/OR SOURCE LANGUAGE LISTING

Flow charts should be submitted whene\er they are availaule
and not too lengthy, particularly for machine language routines.
Large programs should iave both general and detailed flow
charts. The general flow chart consists of one block for
each subroutine. A source language listing should ,nly be
in'luded when it is fairly short. If a flow chart or so.;rce
language listing is available but is not being included here,
state how it may be obtained.
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* j ONLjig

:lilar rorisexisl in the CO-OP and/or RCC Program
1,*: rary a cmrparlsofl should 'te made wl'-i respect to such

rt ,rams r0isussine. the advantages and disad.antaCges of flhe
i~ow i reand indicaliin(_, any proLyrams whii are Irade

e.*

C . Tv,,): HO AND RESULTS

n d -it L da ta u sed and re sul ts o btai ined i n check int: t. ie
'p~vat Lon and~ accuracy of the routine.

Iaiy c i her informal-ion that may Lue useful .
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IV. PROGAM IDFNiIFI(CATION NUMBERING SYSTEM

An BCC program identification number is given to any pro:ram or
szLroJine je'k I ,, 1e fl-' ed in the RCC Program Library. This number
provides a means for identifying the following items:

1. Source prot:rani or subroutine decks
2. Application classification of the program
3. The prn -ram or,iginator
4. The leveL of program revision

hle RCC program identification numher consists of eight chara.'-ers
that are determined as follows:

Character Current
Number Function Assi gnments

1,2 Classification One letter followed
Code by one digit. ( uS ist

in Chapter XIII)

3,4, A 3-digit serial 000-999 (range)

(within each

class ) number
assigned by RCC

0 Originator code C - CO-OP

R - RCC

0- Otlher NELJ
T - Tenant Ac*i.ities
N - Non-NRL

7,8 A 2-digit program 00-99 (range)
revision code

A program identifi'ation number can be obtained from the RCC upon
submittal of' a Program brief (see Chapter IX) to the RCC by the programmer.
It' 'he program deck is to be physically located in the RCC Pr gram Li rary
file it is additionally required that the program card deck which is
submit ed must

(a) he properly sequen'e-nauibered in cara corimns 73-C(" wi-'
seqvential imite rs increasing in .alue throutli the dek, art,

() ) ornlain internal documentation as given ii. Chapter

'llie FCC program identification number should be included i a comieni
or remark card 1'ol lowing the routine name, at twe beginning of the s Lo i'
deck (see Chapter V). 'ihe identification number should also be incliuJed
in any documentation about the routine.



.he program revision code is used as foLows: fhe initial .e:sion.
of a new progkram or subroutine deck is assigned a revision code ,f
Each time the program or subroutine is revised or modified in any way,
llllnbtr is ii l'mh y one.

!:$



V. PROGRAM INTERNAL DOCUMENTATION STANPARDS

Each program or subroutine deck should contain internal documentation
in the form of' comment or remark cards. This internal documentation shoulJ
perform three functions:

1. Identify
2. Define usage
3. Clarify program

Identifying -omments or remarks are strongly recommended for all
programs and are required by the RCC before a routine will be put in -he
RCC Program Library or accepted for publication. These comments or remarks
should appear immediately following the routine name and should con'aln 'bn
following information in the specified order:

IDENT NUMBER -

TITLE -
IDENT NAME -

LANDUAGE -

COMPUTER -

CONTRIBUTOR
ORGANIZATION -

DATE -
PURPOSE -

The above headings are defined in Chapter III, Sections 1.0 and 2.0. Fhe
information supplied in these comments or remarks need not be as detailed
as in the write-up. The above identifying headings should be included as
part )f the comments or remarks.

U'nage information comments or remarks are not required but are sr " g'y
encouraged. 'These comments or remarks should follow the identifying . mmenlts
or remarks and should include the following type of information:

CALLING SEQUENCE -
AR(UMENrM -

I/0 INFORMATION -
EXTERNAL SYMBOLS -

The above headings are defined in Chapter III, Section 3.0. The infor-_, i,'.
supplied in these comments or remarks need not be as detailed as In t.
write-up. The above headings should be included as part of the crrmer s or
remarks.

Clarifying oomments or remarks should appear throughoul the r,'., 1:,
to descrive what the routine is doing at any gien point.

In addition to tne above documentation, it is required that ea, i ke,,k
of a routine be properly sequence-numbered in card columns 73- wih e
numbers increasing, in value through the deck.
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(
VI. MINIKl4 EJIPMENT CONFIGURATION

The minimum equipment configuration assumed f'r all documentation of
routines is the basic CDC 3800 computer with 32K core storage, 2 magne:iz
tape units, drums, card punch, card reader, and a line printer. If a
routine requires equipment in addition to that stated above, such should
be stated in the documentation (Chapter III, Section 1.7). The above
minimum configuration is similar to that given by CO-OP.

6-1
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VII. PROGRAM ADDENDA AND REVISIONS

When an error is found an RCC/CO-OP Library Evaluation Form (see
Chapter XII) should be sent to the RCC Program Library, Code 7813L.
This evaluation should explain the error in detail. To correct or add
to an existing routine, use the documentation format given in Chapter III
and follow the standard program submittal procedure described in Chap-
ter VIII. Only tho3e items that are affected need be resubmitted. Only
the originator (unless he is unavailable) of a program can make corrections
or modifications to the CO-OP and/or RCC Program Library file copy of a
program.

An uddendum to a publication will be indicated by a letter following
the original publication number (e.g. - A, B, etc., for each succeedinE
addendum).

A revision of a publication will normally be accomplished by
re-publishing the entire document. A revision of a publication will be
indicated by .n following the RCC publication numbers where n = 1,2,....
for each succeeding revision. However, a revision to an NBL Report or an
NRL Memorandum Report w1.l be given a new report number, with the old
number specified as being superseded., Arevision should specify the dates
of the original and all revisions.

7-1



VIII. PROGRAM SUBMITTAL PROCEDURE

Users having programs ef general interest which have been thoroughly
tested and documented may submit the programs to the RCC for publication
as an NRL Computing Note, Bulletin, or Reference (Programs to be sent to
CO-OP or to be documented as NFL Reports or Memorandum Reports must follow
additional standard procedures.). The programs should be written in a
compiler or assembly language generally available through the RCC. A memo-
randum should be written to the RCC Program Library, Code 7813L requesting
that the program be published and included in the RCC Program Libra-r.
Included with the memorandum should be the following:

1. Prograw. Brief (defined in Chapter IX; example in Addendum B)

if the KCC does not already have one for the routine(s). If a

Program Brief is currently in existence, the RCC Identification
Number for the routine must be supplied.

2. Program Source Listing resulting from the assembly or compilation
of the submitted source deck. -

3. Program Source Deck on cards, interpreted, sequence-numbered, and
internally docum.ented (see Chapter V); or zhe RCC Identification
Number of the routine(s) if already in existence in the RCC Program
Library file.

4. Program write-up preferably in the form specified in Chapter III.

See the example in Addendum A.

If a program is to be sent to CO-OP, the CO-OP Submittal/Revision Form

must also be supplied (see Chapter XI and Addendum C).
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IX. PROGRA4 BRIEF

In order to obtain an RCC Identification Number for a program or
subroutine dzck, a Program Brief must be supplied to the RCC. The Program
Brief shoula contain the following information:

TITLE.

IDENTI FI CATION NAME.

PROGRAMMING LANGUAGE.

COMPUTER AND CONFIGURATION.

PROGRAMMER.

NRL ORGANIZATION.

DATE.

PURPOSE.

PROGRAM STATUS.

The above headings are described in pert by Chapter III, Sections 1.0
and 2.0. The NF ORGANIZATION section should include the NRL Division,
Branch, and Code, in that order. The PROGRAM STATUS section should
indicate what the current status of the program is (complete, in.ormplete,
etc.).

A sample Program Frief has been prepared in Addendum B.

9-1



X. PROCEDURE FOR OBTAINING A PROGRAM

All programs, for which documentation exists in the form specified
in Chapter III, will be available in the RCC Program Library unless stated
otherwise in the write-up (Chapter III, Section 1.10.2). To obtain a
program existing in the CO-OP and/or RCC Program Library contact Research
Computation Center Program Library personnel. Users of all routines
obtained from the CO-OP and/or RCC Program Library are requested to submit
an RCC/CO-OP Library Evaluation Form (see Chapter XIII) to the RCC Program
Library, Code 7813L. This evaluation should contain detailed usage informa-
tion about discovered errors or inconsistencies, and any other pertinent
information.

10-1
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XI. USER CROUP LIBRARY SUBMITTAL/REVISION FORM

The Pr,.-ram Abstract Cover Sheet as given at the end of this chapter
must be filled out whenever a program, program revision, or rile-up
revision is :eing submitted tc CO-OP. A sample Program Abstract Cver Sh'.eet
has been prepared in Addendum C. The categories on the form are defines
as foliows:

1. Library: Th- -,ord "CO-OP" should be placed in the blank
preceding the word "LIBRARY" to indicate that the routine should be placeid
in the CO-OF Library as opposed to SWAP, POOL, etc.

2. Catalog Identification: The "Identification Name" information
as descrired in Chapter III, Section 1.2.

3. -ii'U (Descriptive): See Chapter III, Section ".1.

4. Source Language(s) or Dialect(s): Name of specific source
language(s) and dialect(s), or versions, in which the program is coded.

5. Oerating System and Version: Name of Operating System (e.w.p
DRUM SCOPE) and Version (e.g., Version 2.0).

6. Computer and Configuration: The computer and configuration for
which the protrram has been written and checked out should be -ien. This
should include the storage space required.

7. Contr-iutin- Organization: The full name of the contributing
organization as defined in Chapter III, Section 1.9.

8. Submitter/Programmer: The name(s) of the programmer(s) who
wrote the program. include the programmer(s) NRL Code(s).

9. Revisor: 'The name(s) of the programmer(s) who revised the
program. This is left blank when the original program is being submitted.

10. Date Written: The date of the original pro6ram shall be
specified. When submitting a revision, the date of the revision should
also be tiven.

11. Program Material: The number of pages in the program write-up
(including the Prorram Abstract Cover Sheet) should follow "Write-up
Page Count".

If a card deck is submitted, the number of cards in the deck shojid
follow "Seqienced Source-Card Count". If the program is submitted on
mag/netic tape it should consist of one physical. file and the total number
of BCD card images should be entered following "M/T Record Count".

If the program i.; submitted on paper tape, the number of recognizable

re'ords or n he tape slould be entered following '/i Record count".
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12. Ot-.,Ier Available Documents: The submitter should specify
when other items are submitted, such as list-%ngs, flow-charts, sample
print-outs, tetc. A listing need rnot be included if the card deck is
sequen~ced.

13. Orl Einal/Revised Program Catalog Abstract: The submitter
should tyTe his alistract exactly as he wishes it to appear in forthcomin.:
issues of user group program catalogs. The abstract should tce no lorn-er
than two short parag-raphs and should contain the following information:

Phurpose
Entry Points (in alphabetical order)
Frograrn Type (subroutine, complete routine, o- system)

l14. Nature of Ra-.-;:6ion (or Additional Information): Thsspace -s
roided for L-i;int- nore detailed information about a revision than is

needed for the austract in the program catalog.

All information provided on the Program Abstract Cover Sheet mus-
Le in standard 48-character code, for keypunching. Therefore, mathemat:U.al
sy/mbols and other special characters, though permissible elsewhere in the
rzoeumentation, must be converted --r typing on the Program Abstract Cc-er
3heet.

Copies cf the Program Abstract Cover Sheet are available from the PC".

mI
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LIBRARY PROGRAM ABSTRACT COVER SHEET (SUBMITTAL FORM)

CATALOG IDENTIFICATION :_REVISION •

TITLE (DESCRIPTIVE) :

.,URCE LANGUAGE(S)
AND DIALECT(S) _

OPERATING SYSTEM
AND VERSION :

COMPUTER & CONFIGURATION :

CONTRIBUTING ORGANIZATION :

SUBMITTOR/PROGRAMIER __REVISOR :

DATE WRITTEN ORIGINAL REVISION

PROGRAM MATERIAL WRITE-UP PAGE COUNT ;

SEQUENCED SOURCE-CARD COUNT :

MIT RECORD COUNT _ _ PIT RECORD COUNT •

OTHER AVAILABLE DOCUMENTATION _

ORIGINAL / REVISED PROGRAM CATALOG ABSTRACT

NATURE OF REVISION (OR ADDITIONAL INFORMATION)

For Completion by Distribution Agency
Original/Previous Revision : UGN Page - Accessed

Latest Revision UG . Pase Accessed
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XII. RCC/CO-OP LIBRARY EVALUATION FORM

Each user of an RCC or CO-OP Library program is requested to submit
an RCC/CO-OP Library Evaluation Form, as given at the end of this chapter,
to th,2 .&CX Program Library, Code 78l3L. This evaluation should specify

,il, any difficulties encountered and any corrective measures taken
whe:zi the pro~ram.

I

12-1



ROC/C0-OP LIBRARY EVALUATION

DATE_______

RCC/C0-OP ID!4T1 71CATION____________

PROGRAM TITLE________________

LANGUAGE_________________ ___

USER'S APPLICATION:

DIFFICULTIES wSCOtJNTRID IF ANY:

OCOMIS, IF AMY

JUS NAME _________________

CODE _________

TI. KT

MUESE SNID CNC'DL YM To ROC PRoGRAM LIBRARY9 CCO! 7813L.
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XIII. CLASSIFICATION CODES

The following classification system is used by the RCC to categorize
computer subroutines and programs. This classification system is almost
identical to that currently proposed by CO-OP in the "Users Organizations
for Control Data Computer Systems Handbook, Part III: Program Catalog,
Section 1: Program Classification Requirements", June 1968. The classifi-
cation code consists of a letter, indicating the primary class, followed
by a digit indicating the sub-class. Under each primary class will be a
zero code having the heading "General" under which will be filed the
routines that are not appropriate for the listed secondary classes.

The primary classes are listed below after which the entire
classification system is given including a description of some of the
primary and sub-classes.

A. ARITHMETIC ROUTINES
B. ELEMENTARY FUNCTIONS
C. POLYNOMIALS AND SPECIAL FUNCTIONS
D. OPERATIONS ON FUNCTIONS AND SOLUTIONS OF DIFFERENTIAL EQUATIONS
E. INTERPOLATION AND APPROXIMATIONS
F. OPERATIONS ON MATRICES, VECTORS AND SIMULTANEOUS LINEAR EQUATIONS
G. STATISTICAL ANLALYSIS AND PROBABILITY
H. OPERATIONS RLSEARCH TECHNIQUES, SIMULATION AND MANAGEMENI SCIENCE
I. INPUT
J. OUTPUT
K. INFORMATION TRANSFER
L. EXECUTIVE ROUTINES
M. T)ATA HANDLING
N. DEBUGGING
0. SIMULATION/vULATION OF COMPU-ERS AND DATA PROCESSING INTERPRETERS
P. DIAGNOSTICS
Q. ,01 RVI :E OR HOUSEKEEPING: PROGRAMMING AIDS
R. NON-NUMERICAL MATHE4ATICS
S. INFORMATION RETRIEVAL
T. APPLICATIONS AND APPLICATION-ORIENTED PROGRAMS
UJ. LINGUISTICS AND LANGUAGES
V. GENERAL PURPOSE UTILITY SUBROUTINES
X. DATA REDIUCTION
Y. USER ASSIGNED
Z. ALL OTHERS
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The entire classification system is as follows:

A. ARITHMETIC ROUTINES Routines of the form of sub-
routines or partial programs
to be incorporated into programs
or subroutines for the purpose
of doing arithmetic operations
within a given algebraic structure.

AO. General

Al. Real Routines which perform exclisi ely
real arithmetic operations,
including single precision,
extended precision, and multiple
precision representations of
real numbers (real opposed to
imaginary).

A2. Complex Routines which perform complex
arithmetic operations including
extended and multiple precision
representations on complex
numbers.

A3. Byte Routines which perform single
or multiple precision byte
arithmetic.

A4. I/O Routines I/O Routines designed for use
with (e.g.) multiple precision
arithmetic packates frequenTly
contain entries for ooth input
and output, hence could legiti-
mately be filed under I or J.
However, their real intent and
y-rpose is for use only wi:l
special routine3 already filej
under A (filinF under I or
therefore merely loses tlen,, fc'r
prospective users). While -1its
type of I/O package is not ;ro-
grammed arithmetic in "!e "rue
sense of the term, its intimate
relationship with A-cate,or-
routines merits that olassix'i'a-lon.

B. EMENTARY FUNCTIONS Elementary functions are defined
to be those generated r. k>'nstants
and the independent variatie ty
means of a finite sequen e "
elementary operations. E! ,me:. atv
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operations on functions F(X) and
G(X) are those that yield any of
the following F(X) = G(X), F(X)*
G(X), F(X)/G(X), (F(X))**A,
A**(X), LOG (X), T (X) where T
is any trigonometric or inverse
trigonometric function and X is
any number (fixed-point, floatin.-
point, complex, multiple-precision,
etc.).

BO. General

Bl. Tigonometric and
Inverse Trigonometric

B2. Hyperbolic and Inverse
Hyperbolic

B3. Exponential anid Logarithmetic

B4. Roots and Powers Refers to roots of quantities
not polynomial s.

C. POLYNOMIALS AND SPECIAL Routines which include operations
FUNCTIONS on and evaluation of polynomials

and functions often referred to
as special functions, such as
hypergeometric', gamma, ,essel,
elliptic, etc. Simultaneous
nonlinear equations shall ink-lude

operations on and solutions of
systems of nonlinear aWvetraic az,.i
transcendental equations ut shall '
exc'lude differertial type equatior.j.

CO. General

C1. E'aluat' n of Polynomials

C2. Rokots of" Polynomials

C3. Evaluation of Special Functions

C4. Simultaneous Nonlinear Algetraic Equations

C5. Simultaneous Transcendental Equations
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D. OPLRA'1ONS ON FUNCTIONS AND SOLU-TIONS OF DIF'FEREN;IAL QAC.

u1,s -aetxry shall i. .~

routines L) perfcrn n,,,rer ,'
inte -ration and r.~meri -at JIitfer-
entiation as well as rcu'ines t,,
soli.e differentia. --qiai,,r.s
ordinary and partial. *:~
routines whi-h - al _a>- vea .
of' funtiotns or jtrfomt. -

atioi. on a f'~.~ in : sl.&1'. a.
inffl uded.

DO. General

Di.. Numerical Integration

D2. Numerical Solutions to
Ordinary Differential
Equations

~3. Numerical Solutions to Partial

P1 fferential Equations

r,4. N-merical rifferentiation

INC!::TUR1)ATION AND APPROXI- Interpolation shal i in.< Ic

MAO ~routiri-eswhi cn, w tie? - I, r:1 f Se

- of poitits, approximate ek! es
basel ,.r. vlyoials, ra?:4,s ot'

exporen ti&l f'jz-,I uz~s,v,.
Av1 .-oximet ions shAll mewt: roxi nva
tC rTrt,..ide run-ionis or .re
fit# a 5s - o rW.1 ~vr !z r J& I a
jxolynorrialls, erpxnen ifts, Sines,

Fi. -a: 1-~ Ltyok-up and

n.' rpoi a* !on

* mo'Ahnf (see aliko 2%)



EL. Extreme Values; Incldes variational prcems.

Minimizine or Maximizing
a Function

F. OPERATIONS ON MATRICES, VEC- This category shall include all
TORS ANT) SIMULTANEOUS LINEAR routines whose primary purpose
EQJATICNS is the execution of matrix opera-

tions, such as addition, multipl'-
cation, inversion and transpcsi-icn.
Evaluation of the determinant and
finding the eigenvectors and ei~en-
values of a matrix shall te
included, as well as solutions ."
a system of simultaneuus linear
equaticns.

F(X. 6eneral

Fl. Matrix Operations

FT. Eit-envalues and Eigenvectors

3 . £cterminants

F4. Simulltaneous Linear Equations

SIA2SICAL ANALYSIS AND TIhis .-ateeory is meant to -, cr
FROEWA1bUI "Y routines which are ,asioalLy

statistical in nature, s'u6eh as

findin. means, standard ie.ia'i,:.s,
etc., ana routines like cire
fitting where the routine is
programmed explicitly for svat!.3-
tical purposes.

I. a 1a Re Iu j, o1 Hererz. to the ca.lkoulat ion of the
axrim *'onor. itatistical paramelers
s~.'i. as um',~- wedia'., V.aiarl

,. . Aia. ys . - X L "o r S' to • iw: .ki i A

. A aas of "aria.e
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H. OPERATIONS RESEARCH TECHNIQ;JES, ()jerR' >'r,3 reseur 4. wi 1
SI.'MAT'ION AND MANAGEY1EN- applicatior. o~>.>i~Alc
SCIENCE -,e -Iniqu-s an. okI )l c

of Tro: 1-2~s inw:ol i n-~tra i cns
of a system s,' az Ic Ixo; ~o
in -on-rol c): :K sys temr Wi V,
Oplirn] in Sol";*,os ~ lt erm.
Linedr jx'oraxrr:1r.
Sol--1 g pro!,lIems wi
and : onstruints s'a,! a ed.

mannr. irnd a:io is *V
of' des_-ribira- * e ~e
systems by mean's Of al
models. ManagemtrL ,- ar_
interrelated areas, will t
and will cov.er suiicn art -as as
solutions to ro_,,iemrs ,): resoure
aliccation. It is vis~lalize ":a",
1:Lis -ale(:ury (H) will c-ers±:
thini-s a,- produic-ion aril invr;;cr"r
schediini.-, lc~istics, qUeuin.'
theory, renewal *tecry, dynami.
prot'ranint, i.ume !1heory an i eir
istic pro razrzi nr. W -, te i'ar I
methods aised in this tyeo'prc. lern
will tv inoladed althoul:1, M. :t .rl
methois may alsc, appear Ir , I

s~atit~ca 2at,~ r ( .epen I 1n
he.,r er use.

Ti * liear Pru)#rea~zir.,g lni.. he ?v,,sol SOl ior, :'r 'r
arcor., all t~o u, iol.s of a

VfI r. v ar I neq i aI i

H.Non%-1Ainear Pr. -rarwnin,. &l :a rosza * .r

cortstra: s are st.

H . rurnswrtat kor and as~-~~ .
Ne~vork o7cdes f.i' Sa rt-

'k~twork ch ~ -~
flow 1r Ia

H4. Situlation MW'oel ing "Slir-Ail t'''n n n



GPSS or SIMSCRIPT would he
categorized "Simulation Wdeling."
This category covers the tools and
technology of simulation.

115. Simulation Models "Simulation Models" is intended
to identify completed models of
specific systems, however highly
parameterized; e.r., a refinery
model or computer job shop model
would be categorized "Simulation
Models." This category covers
the completed products of model-
making technology as, operating
models of particular object systems.

H6. Critical Path Programs

H7. (Reserved. Please do not use.)

H8. Auxiliary Programs Special purpose utility programs
or subprograms designed especially
to service programs in the above
categories.

H9. Composite Programs performing combinations

of the above functions.

I. INPUT (See also AM) Input shall contain those routines

which transfer information from an
external medium to an internal
storage or operation area, e.,.,
from cards to an on-line magnetic
tape. Input shall also include
the programs which can perform
either input or input and output
operations. The categories shall
denote the form of the informaticn

to be input. In classifyinE a
program, the operation of input
shall take precedence over the
operation of conversion or internal
information transfer (i.e., I
rather than M2 or K).

10. General

Il. binary Pertains to program input or
data input in the binary mode.
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12. Octal or Hexadecimal Pertains to program input or
data input in octal or nexadecimai
mode.

13. Decimal Pertains to program input or
Lumeric data in.put in the
decimal mode.

14. Character (Hollerith) Pertains to program input or
data input in the Character or
Hollerith mode.

15. (Reserved. Please do
riot use.)

19. ite A combination of any of the
above, which is not primarily
one of the above, such as a
general purpose input program.

J. OUTPIJT (See also A and K) Output shall contain those routines
which transfer information from
internal storage to an external
medium. In classifying a program,
output shall take precedence in
general over conversion. The
final form of the data relative to
the program shall determine the
category in which the program is
classified.

JO. General

Jl. Binary Pertains to program output or data
output in the binary mode.

J2. Octal or Hexadecimal Pertains to program output or data
output in the octal or hexadecimal
mode.

J3. Decimal Pertains to program output or data
output in the decimal mode.

TL. CI=hF-cter (Hollerith) Pertains to program output or data
output in the character mode.
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J. ~~Refers lo ro~itines$ t'or rcl.r
plot-e'J otpD_*, eizher 1ains,_
or via CER1, or other spfeoial
plottirq . devices. Routir.e:. fc.-I
usint: plotting devic~es *0 z3i_,*. t
printini- are ailsc incluided. A s,:
inc-ludes rouztines for pro~luci.nl-
inpui, for off-line plotters.

J6 (Reset-,ed. Please do
nut lse.)

J7. Analog (See also T6) Refers to routines which output.

information to a digital-lco-analo--
converter, other than that associ-
ated directly with (on- or off-line)

plotting equipment, which will
carry a J9. classification.

J9. Comp os ite A combination of wry of the a:o-.e,
which is not primarily one of ...e
above, such as a general purpose
output, program,

K. 1NFORMAT1OLN TRAN~SFER 'The cate.-ory shall contain routines
whose primary purpose is the trans-
fer of information from one internal

iedium to another internal medium
or from one external medium to
another external medium. If the

transfer is external to internal
or vice versa the categories I or

Se J should e used.

Ki. Extnrnal-to-Externa Pertains to the transfer of
information fom amy external
device to any other external
device. This would be tape-to-
tape, drum-to-drum, disk-to-tape,
etc.

K2. Interna-to-Internal Pertains to the transfer hf infor-
mation internally. This is thu
same as relocation of information.

K3. (aeseruerd. Please do
riou ue.u
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K4. (Reserved. Please d,
not use.)

K5. Direct Data Devices Computer-o-compu e r infoiratlorn
transfer, other !han ja '>:-: alo
cate. c-ries.

K9. Composite

L. EXECUIIVE ROUTINES

LO. General

LI. Assembly A proaram system whi h assembles
a program for a particular pro:_em
'y assigning fixed addresses,
translating from mnemonic -odes
to produce machine lan-age state-
ments, possitly incorporatin
library subroutines.

L2. Compiling Program systems which produre a

specific progr m for a particular
problem by tryslating from a
problem- or procedure-oriented
source language to produce a
machine language program. Inter-
pretive compilers ihould be
included.

L3. Monitoring Executive or monitor programs,
including monitor systems to
cortrol job sequencing, stacking,
!og aici accounting information,
peripheral equipment, etc., with
a minimum of operator inter ention.

L4. Preprocessing Refers specifically to preprocessors
for programs within the "L" cate-
gory. A PERT (e.g.) preprocessor
would be catatged H8 rather thanL4.

L5. Disassembly and
De-Relativizing

L6. Relativizing
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L7. Computer Language to '!his refers to translation fron
Computer Language one artificial lanuage desined

Translators for computing and data processing

purposes to another such language,
e.g., FORfIW4 to PL/i. Not to

used for translation of natural
languages such as English or
Russian.

M. DATA HANDLII' Data Handling shall refer to

routines whose primary purpose

basically is a uichianical ,pe
of handling of information such
as sorting, con ersion collatino
and merging, system tape editing
(updating, deleting, adding to, et-.).

MO. General

Ml. Conversion and/or Pertains to any conversion and
Scaling scaling routine (packed or

unpacked, single or multiple
precision) such as card image

to BCD, BCD to card image, binary

to PCD, BCD to binary, fixed To

floating, etc. The primary
function of programs in this

category must be conversiun ur

scaling, not. input-output.

M2. Sorting Combined sort/merge routines

shall be included here.

M3. Merging

M4. Character Manipulation

M5. Searching, Seeking, To be used for utility search

Locating subroutines. Not to be used for
applications of retrieving

informatiun records by examining

contents, which is the province
of Code S, Information Retrie at.

M6, Heport Generators

(See also ))

M9. Composi te
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N. DEBUGGING Debugging routines are those whose

primary purpose is to provide
information to a programmer to
enable him to detect errors in
software or programs. This will

include dumps whose purpose is
for debugging, as opposed to
output, and search for debugging,
as opposed to table look-up.

NO. General

Ni. Tracing: Trapping,
Snapshotting

N2. Dumping (Post mortem) Core, tape, drum, disk, console
printouts (on- or off-line).

N3. Memory Verification

and Searching

N4. Break Point Printing

0. SIMULATION/KULATION OF COMPUTERS AND DATA PROCESSING:

INTERPRETERS

00. General

01. Off-line Equipment Any program which simulates

off-line equipment.

02. (Reserved. Please do
not use.)

03. Computers Pertains to programs which
simulate or emulate one computer
on another.

04. Pseudo-computers Simulation of theoretical I-r

pseudo-computers.

05. Software simulation of Includes such programs as simulatirn-
one peripheral device on tape on disk, simulating card reader

another on tape, etc.

09. Composite
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P. lIAGNOSTICS Diagnostics programs shall be
ones which check for malfunction-
ing of the conputer or its
components.

PO. General

Q. SERVICE OR HOUSMEEPING: These are routines of a utilitarian
PfROGRAMMING AIDS nature which perform a service for

the programmer or operator. This
shall include routines to find
check sums, clear memory and/or
compare tapes, etc., and mecnaniyal
operations involving magne~ic aes,

QO. General

Q1. Clear/Reset Programs

Q2. Check Sum Accumulation
and Correction

Q3. Rewind, Tape Mark, etc.
I-ro:grams

Q4. iiLernal Housekeeping;
Sa;e, R store, etc.

QS. (Reser'ed. Please do
110. 11Ise.

Q6. Program Documentation:
Flow Charting, Document
Standardization, etc.

R. NON-NUMERICAL MATHEMATICS Logical functions, logical oper-

ations, logical calculi and
algebras, symbol manipulation
and manipulation of non-numeri."

quantities.

RO. (leneral

hl. Fo(rmal Lojic

R'. 'Oyml4 Manipulation Includes comi inational generators,
permutations, etc.

R3. list and String Processing
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S. INFORMATION RETRIEVAL Programs, or systems, for cataloring
data, all related to one field of
interest, so it can be displayed,
with accuracy and speed, on an
output unit at any time it is
needed. May or may not be real-
time. Examples are classification,
indexing and machine searching,
systems.

SO. General

T. APPLICATIONS AND Programs or subroutines whi h
ATMICATION-RIENTED PROGRAMS solve specific problems in fields

other than computers.

TO. General

T1. Physics (including
nuclear)

T2. Chemistry

T3. Other Physical Sciences Programs pertaining to physical
sciences not listed above.
(Geology, Astronomy, etc.)

T4. Engineering

T5. Business Data Processing

(See also H and M6)

T6. Manufacturing (non-data)
Processing and Process
control (See also J7)

17. Mathematics and Applied
Mathematics

T8. Social and Behavioral
Sciences and Psychology

T9. Biological Sciences
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U. LINGUISTICS AND LANGUAGES Programs which work with natural
languages, usually transLating
from one language to another
language. The rules of these
languages reflect and describe
current usage rather than prescriiei
usage. Example would be transiali:-
English to French.

UO. ieneral

V. GENERAL PURPOSE UTILITY SUBROUTINES

VO. General

VI. (Reserved. Please do
not use.)

V2. (Reserved. Please do

not use.)

X. DATA REWUCIION Many laborator or field tests

and experiments automati,alIy
record data either at the site
or by way of telemetry. Procrams
in this category will ac.-ept 3u'
digital data anA perform the
necessary furictions of decomm i'a-
tion, s,:aling, calitratine-,

evaluating ahd test waalysis.
Some of the programs, e4-ecia',i
X4, X5 and XA , mi,-ht Iv predoI-
inantly of "ype P, i, F, ,, ar
could po slbl te founi :iL..-
those ,'ate-orles. "'he -r'crar.:
are ei ther for {vs t-pr-":k S
or they may i ,n-Ire ,,ra" •
ii real ,ime.

UO. :.,:ra!

X!.. I.' na tn,', rc,'ran separve!; the a a s
Dv cecnmtI tia' ion and ef'er. ",- er ; the - .,v-
Lrror Piar-nosis puter wort ,r hgher -I

langua-e ariab] ; iss r" ,"
erroneoi.s data are identifieA.
Output co,.sist os ' orr, ,,!laa
and e lit in ,i,'o , ,,al .



X2. Editing Output from cate-cry Xl is used.
bad data are cas, &ut, r.>ssin
values inserted) wrong" aiAe-
corrected. Process is ei -.er
automatic or ty parameter arj1 ,
or both. Output is L'al , !u 2_"ca!.
raw data.

X3. Calibration Data are scaled linearly, ;her,
calibrated to obtain fun'tir.
values in physical uiits.
Output is called "clean cal:1ra'e,
data."

X. Evaluation All necessary computatior on, the
data is performed to presen: them
in a form suita,:Ie for erii:.eerii.
or scientifih" evaluation.

X5. Analysis All computations necessary to
analyze the outcome of ti:e ,es'
or experiment. Also referr d
as Time Series analysis.

Xu. Simulation Programs wiich tenerate art ifi "ial
data to ue used a "he "e'reti '

test n)del lr to !t. sed :'o
checkout of protrams.

Y. USkLl ASSIGNED :his catet-ory is L*'r th.e ,,st "
iii'.idual Installations who
have #grours of rixi" jfl_ wh. I-
do not fit well nder 4ar.v ,f
the ahove 7'ate#ories. q uines

frtwr "his ,ate~.ry m!?J!I
zv-cl assiried on a. i :j 2,al
'asls when and if t,,, ar,
-m 'elt. !o 'he User "r..: 'ra-:..

AlL tT{R . a'e r,' ,an:.&; R. .
'" r w.. "  I . . ...

"ovvro,i y tk iri-,ary " -:s :, w .-

are rso! adeqat.2-. ...... . a
S1.1 --la.s ar asu :I'v-: ' :, ap;,' - le

prl.ar; ,': - ""' ' r! * .
Class 1es s"'a" i N., Z--.
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ADDENDUJM A

1.0 IDENTIFICATION1

1.1 Title

Real Zeros of a Single-Valued Function

1.2 Identification Name

DO-NRL-FCNZERO

1.3 Classification Code

DO - Operations on Functions and Solutions of Differential
Equations, General

1.4 RCC Identification Number

DOO1ROO

1.5 Entry Points

FCNZERO

1.6 Programming Language

Language: FORTRAN
Routine Type: Subroutine
Operating System: DRUM SCOPE 2.0

1.7 Computer and Configuration

CDC 3800

1 .8 Contributor or Programmer

Janet P. Mason, Code 7813, Research Computation Center,
Mathematics and Information Sciences Diision

Harold L. Toothman, Code 4319H, Nasal Analysis Staff,
Office of Director of Research

1.9 Contributing Organization

NRL - Naval Research Laboratory - iashington, D.C. 20390
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I. I2 i ~<i a 1. Program write-up, Fortrnn source de.:k, s,,ur--e

.!--.2 01,. F--;e: FCC Pro -rar Library

7h,- 1c~ :,;winc- tJc pro.'-le2s were used as test cases:

;r e~ent,. ze-ros of' the function smn(i/X). See Section 7.0.

(R2 1 - FT1

w! iere 4!:-6160 and T 1 2'R 01 11 02 R, and Fr'
ar.- kn1'own1.~2'r

1.2Da4

1AuL7-is 1968

o't~t outine

!L fn ii real ze ros of a single-\'alued function of one ~

Fird wfl] -n aspci~edtolerance J those points xi alone a given

NnotonavaLue tre stored in a taule:

2. roil em ' Lck,yotd

Ejte thie au a .r;

.&USAGE

3.1 Ca1~ing_.3erueri\ (.r Operational Procedurej

1Ndh (,2'X, X W1EH, UPPER, TJ LE, MAXfTS, NUMB, ANs)
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3.2 Argmments, Parameters, and/or Initial Conditions

FOX is th name of a FORTP-iA function, to -e writ-en v e -_ser,
which e-.aluates the function whose zeros are to e ac cu~ ae].
FOX must be de-clared external.

XOWER is the lcwer bound of ue given interval.
UPPFR is the uper bound of the gi+ven inter al.
i LE i., th'e tolerance set upon hoth x. and f(x.).

MAXRTS is tie number of zeros (less than 513) the :ser x-e 'Z
find in the gfiven interval. The user -a.. make ". 7.E .-o a'
to 0, hlereby lea.-ing the determination of t.e
(e~g., roots) entirely up to the routine.

!TMB will contain the number of zeros at-ually found.
may not equal MAXRTS.

ANS is the name of +he table of answers. The user sh:cu]
dimension ANS(205C) or ANS(4 x MAXPTS).

3.3 Space Required (Decimal and Octal)

3.3.1 Unique Storage: 1020 octal (528 decimal) locations
exclusive of computer system iirar: "

.2 Common Ilocks:

C0MON/A/ INPUT,0UTPUT,LIMVALZO, Z,FZOFZ1
I NPUT
OUTUT UT LIM - integer
VAL
ZO - real
ZI
FZO
FZI /

length: 10 etal (8 dec) locations

3.3.3 Temporary Storage: none

3.4 Messages and Instructions to the Operator

:.5 rror teLurns, Messages, and Codes

.( Irformati.,e Messages to the User

()r.1inax iy t here is -no printou[, if, -owever, Lie limi, (0 oi
L,(- t11tmin,2r of iterations in the False Position ti !as ,
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teax~d, or if the two points xs and xt bounding the trie zero

(S- xt)/xsl . O&D000001 P

11;-n the following information is printed:

nu! er of iterations, Xs, f(xs), Xt, f(xt).

.lhe last point calculated is taken to ue the zero (e.g., root)
and -s Siortd, as Is its functional value.

I7 Inpu

N da+a input.

3.3 , ) , u t

Ordinarily, none; see 3.6.

3.9 R, rrat

3.10 External iicutins and Symbols

- Q.8QICT. (system library)
C0'EIRGE (deck)

C/NVRGE- TI=D.
Q8QICT. P (system library)
STh.

QJNSINGL.

_,1.I Timing

1.8 seconds for sajpMe program (e.g. to find at least 70 zeros of
the function sinl/4 .00001t x -1.0); see 5.0

3.12 Accuracy - - -

3.13 Cautions to Users

if the programmer wishes to find the first n zeros in a given
intera] he should let MAXR1S = 0 (se 3.2) in his subroutine
call and plck out the first n zeros from the table of answers.
If MAXRTS were to be made equal to n (and n is less than the
actual number of zeros in the given interval), it is quite likely
that thc zeros found would not be the first n zeros in the interval.
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3.i4 PrCgram Deck Structure

JO;: card
' M card (
main prooram deck (contains call to FCNZER0)
function deck (a single-valued function of one real .ariacle) i ._

suoroutirne FCNZER0 DO NR-FCNZERO (See Secton5
subroutine CONVERGED

SCOPE card
LOAD card

MilN caru

3.15 tHfrence s - Literature Appendices

_ntroduction to Numerical Analysis by F. B, Hildebrand

4.C METHOb OR ALGORITHM

After the number and approximate location of zeros are determinea L,;

successive sectioninuL the function employs a modified Method o' Fal se

Position to determine the exact location, within the civen 'oleran'e,

of these zeros. False Position (iterated linear inverse inteI'oI
althourh known to converge, may do so very slowly. Tc hasten zoo.

((A.::, the usual False Position meth.J has -cecn modifie~d; tht s

in interpolation is adjus~ed whenever it becomes relatively sma ano
it: last two successive approximations of the zero have the same s,,..
(on.'erCence is satisfied when either

(v hfX.). Ixt - Xj< <

wijere f(x S'< 0 and f(xt) , 0, or

(2 -0.



5.0 FLdCIIART AND/R SOU1RCE lANGUAGE LISTIG

SLOROt:TINE FCNZBFO(LC,LO .U3.TL .NRSCLS )10
c 'VENT NUMEER - DCOOJROO 11
c TITLE - REAL ZERES OF A SIN~GLE-VALUED F NCT ION 12
C ICENT NAME - D04NRL-FCN7ER9 13
C LANGUAGE - FORTRAN 14
C CEMPUTEP - CDC-3M0O 15
c CENTRIBLT6R --..AWE P. M'AS.--N, CODE 7813. RESEARCH COMPUTATION 16
C CENTER, MiS DIVISION 1
C I-FOLD L. TO)THMAN, CODiE 4319H., NAVAL ANALYSIS is
C STAFF. OFF ICE OF DIRECT@R OF 1
C RESEA CH 20
C ORGANIZATION - NFL - NAVAL RESEARCH LAO RATORY - i-ASHI'NGTON- D.C. 21
C 20390 22
C DATE - I AUGUST .1968 23
c PLRPRSE - TO FIN[ THE REAL ZEROS OF A S:NGLE-VALUED FUNCTION OF 24
C OKE REAL VARIAEuE By A -ODIFIED METHOD F FALSE PESITICN 25

DIMFNSIPN ONDc4), LST(2O5O 26
TYPE REAL LOeUT. INPUT,LB.LST,K(4,LC 30
TYPE INTEGiR T FCRSTVS 40
CEM IEN/A/ INPUT, OL TPUT ,L INvAL Zo .71,FZ0 FZI 50
LTM=1a0o 60
DEL T AY=0 .0 70
VAL=0 .02 so
K4=0 . 367879441 90
TW=FSC=SCgRcV=C 100
DXmlEL TAX 110

1 DX='R-LP 130
2 IF(NP.EC.0)3.4 140

3 P5i 3 150
4 DLMmy=INPLT=L8 160

LFOLT=LC(tUMMY) 170

BND(1)= 6 190
riND (2) :LH6UT 200

6 IF(RNrc1).E0.UE17,8 210
7 IF(ABS(PNC(2)).Ll.TL,9,10 220
9 LST(R+I)SOND~j) 230

LST (R+2)zFND(?) 240
SCCSC.1 250

10 GC TP' 2nl 260
8 INPl.T=BKDc1)+nX 270

F(TNPUT.GT.UB)11,12 280
11 flKPLT:Up 290
12 BKDt,3k.rupmy aI NRL T 300j

IF(RNrl4).ET.O)T7,13 2

16 GE TP 19 360
17 DE 18 1*1.4 370LSTCR.I)uEND(I) 360
18 CENHINUF 390
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R:R.4
ScUsc~i 

400IF (SC.GF.513)25 ,19  
41019 BND(1):PNrc3, 

430BkD(2)=PNrC
4 )42

GO TO 6 
44020 IF(SC.E0.FSCpi.t2 2  460

21 T~aTW,1 45
GE TO 23 

48022 Th:1l 
49023 IF(SC.LT .KR.ANr.1W.LT.4)2

41 25  
5024 DX:K4*DX51

FSC=SC50
Ge TO 5 i

25 T=(SC-1,.4,1 520DE 32 Sv1 9 T,4 530
IF(LSTS~t)540!F S S. ) EO.0)26,2 7  

56026 LST(v.1)XLST(S)56
LST(V+2)xLSTCSI )58
GEO 31 

57027 IF(f-ST(S)T ) 9 
5028 Z0=IST(S)l F?C:LST(S.1) 
6100ZI:-ISTCS+2)S FIZ=LST(S+3) 
620Ge TO 30 
63029 ZIXIST(S)S FlzILST(s,1)63

703LSTCS+2)S F?C=LST(S*3) 
65030 CALL C8NVERGE(LC,TL) 
660LSTCV.1 )zNPUT 
670LST(V+2)=CUTPUT68

31 vV+2 
690

32 CENTiNUF60
3 3 E ~ o7 

0 0
710



S',BtlTT NE C*-,N PPGE (LCNTL4 s0n
TYPF REAL K3.TNl1LT,LCt, 810
CCMw~i//NPT,-'LIPLT,LlMt, AL,/np71,FZUF7182
FACTr~p:z * 830
K2=0 840
rFCPliT!K3v I. OP I C 850

34 OLMPY=INPLT=(2 c-i *ZO-F O*Z1R/rz1.rZO, 860
OL TP!,uTzI CK (P 0 ) 870

KP =K) + 1880
IF( APC UTPLt. 1 . TLN. At D. ARS ( ZI70 ) LT .TLN )50 35 890

35 RATIP:APSWCFPIN. INPUjT)/(7j-Zn)) 90
IF(ATIPLT.VAL.AD.F.-UTPUTUT.GT.o)36,42 910

36 FACTPPFACT'i*jr.I 920
37 IF(RA'r~*CFACTE-41 .o).Gr-,1.o)38,39 930
38 F ACr)P:F A C T, /2 940

GTr 37* 950
39 SPEC=TTN-LT 960

ALSP:(eLTPL T 970
DLwv PL 1N.i-FAC IC~o.PRI-INPUTI 980
OL TPji r=L C!' ( ~m 990

K;=K2+1 1000

40 FCR!N:ZM:SPFC 1020
FC~r-tTrZV,=ACC1030

Gr Tr 4,; 1040
41 FGR!K=ZI:EPFC 1050

FrRrLT_:F21:A.qC 1060
42 IF(,7%1P( T.ErOj')5C .43 1070
43 IFUrLTPT.LT.n)4A,45 1080
44 rFRI%=ZrINPLT 1090

FRrijTFZC=O-TF 1 1100
GC Tf, 401 1110

45 FFPIN-71=!NP.T 1120
FeC(LT:FZI :!LTF 1 1130

46 IFArrTLT.lTNA,.~S?-0 TT )04 1140
47 IF(K2.GT.Llm.t-q.ARSC(70fl1)/Zl) .LT.O.00000O001)41,34 1150
48 PRINT 4;,N2,Zo, 2fl.Zj,F?1 1160

so END 1180
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6.o COMPARISON

No ,urnparisons have been made with any other programs.

7.0 TEST METHOD AND RESULTS

The main program (TRIAL) and function evaluator (FOX) used to
evaluate the seventy zeros of the function sin(l/X), along with
the results as printed out by the main program, follow this page.
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MAIN PROGRAM
(CALLS FCNZIRS)

PROGRAM TPIAL 00t
EXTERNAL FOX 5001
DIMENSION ANS(2050) TOO"
NTvO U001

4 FERMAT (1P.1) VOOI
P103. 1419026536 002
MAXRTSu7O 003
TeLE25 * 0G4 004
XeWFRZI .06-5 007
UPPER81.*0 006
CALL FCNZERB(7Cx.xSwER,uPPERT8LE,MAXITS.NumBANS) 007
NLMB=NUMBONUMB 000
PRINT 3 009

3 FeRMAT(1M1,17X,.X.,15X,.SIN(1I/X)e.S,.cI/X' 'P1.1.) S009
De 1 Jzg.NUM9.2 all
SI NANzANS( J) 012
RECu1.0/(FINANSPI) 013
FUNsANS ( J1) 014
PRINT 2& FINAN#FLNPREC 01s

2 FeRmAT(9x#E17.lo ,3X.EI7.1O,3XF9.3) 01'
NT*NT.1 017
IF(kT.OF.96)5,1 oil

5 PRINT 4 019
NTUo ag0

1 C8NTINuE 021
EKD 0j2?

FUNCTION EVALUATOR
(EVALUATUS SIN l/X)

FLNCTIIN rOX(X) 01
Xs1.o.'X 0?
FEX*SINCX) 03
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SINCi/x) (i)F

1.7407S43-Cl4 2.1490$185245-004 2,386.0(0
5,012754rb73-CO4 -1,0l243733414-005 635.0(0
5.n36546793e-004 1.50776468?1-005 632-OCO
7. 0893C6113e-C04 -1.8468816311.004 449. 0(0
9 .4174520791-004 -Fl.1762764255-005 338.OCO
Ing1l50319pj-003 -3.916bA6,326U.OO4 287.0t0

1.1449&95o7e-COJ 2.1455nl52774-006 276.0ot
1.24P274rb21.o03 -8.3513441496-007 255.0CO
1 .431 8280e4e-CflJ 1 .1254008835-004 222.OCO
1.;770E~nS4e-003 -9.0987305157.007 161.OCO
P-060L9473425-CO3 -6.92910l07260-006 154.0(0
?.ICP0124913-CO3 1.647533J383-008 151OCeO
2.273642r442-00.3 -9.5496197339&009 14U.0(0
2.357851c657-003 1.9244172534-0 05 5.c
2 .0470t198Q6-C03 7f.0021836961-005 112-~O
I.P9n3e9;'490-CD3 9.0986605786-004 103OiOo
3 .?4F')574nfl4-Cf3 2.4481041811-004 98.0o
3.497910A355-0n3 -1.647d938050-005 91-OCO
3.617158ng6-CO3 -?.00-30393731-005 88.0(0
3.P35050~762-003 4.4779409874-007 86-CCO
4.nl~r85611flC-003 -A.0076395789-006 78.0(0
4 .F97O75hmi-C0j 3 .7483079580-007 65.0(0
5. 1340;8"a3e-CG3 A .97465221390-nO5 62. UC0
9.9, pe0-o 1.4991408/nl'006 59-0(0
5.48P0;6?515-003 1.0738i559629-004 58.OCO
5.78745 4493-003 -7.998314L%861.007 55.oo
S.P9468fl"9n3-C03 -1.9697789125.006 5.C
* fl05847r;o;6-C.cj 4. ?551283952-006 53. 0(0

6. 1213439390-00,s 6.9400994107-007 52. co
6. 2413703P, 4.003 1 .6471629518-n06 51. 0(0
6.3661577443-COJ -5.n897035036..007 50.0o
A .49fjj7S9c7-Cn3 -15. 996561954 7-005 4 9. 0aC
A. 631 455 734-CO3 -2. 541777943-007 4b. 0(0
6.7) 543QSi4-(03 -1 .49fl969697.004 47.0(0
fk.9lq7?7'/j-CO3 7.5194693616.006 48.0(07.n735519AoiC003 1.36598#30128.004 45.Q(Q
7.23431563nM2-fl, -6.721SSS2774.007 4'.0o
I.-,-PS7j76Ae6cn. 2,Q698348773ooo4 43.0(0

.~78tV~Peco~ -4.169 1ft94161.nOS 42.c(o
7.7636t5747?.CO3 -8.51659569A9.006 '1.0f0
7. 9577476572.COS -7.8~5774574A2o006 '0.0t0

8.16 7Jui5C03 2. 173806n983.005 39. 0(0
.17A57,,A4,O.CO3 1.5711702872.006 38a,-0 c0

PAfnpq999114-C0j 1.963370fl360.QO7 37. 0(0
P.A4i9412966-Cn3 -1.7573149164.007 36.OCO(
9.M945tb2944-COS ?. I 59120;A C. 007 35. G(0
9. O;05'812-W0 -5.9985S57916.008 34. Ct0
9.64S7t3Iji'j-CO3 -1.fl03191,035-005 33.rcC
9.C47j45,43 0 .Qfj 4. 0b304oo%9?S.o04 32. Co
I n~2lA 0(.719i - C02 -3.464S846ftf5l.oo5 31.0(00
1 P6 10 334 1 -c02 -S . 1 3 744 3163. 0 Ma 3 0 0r 0
I.P976;11510-Cn2 7.103549A8B3?.005 29.0(0
1.13o%8;1npj6-cod -I.?1774274897.n06 2b.OCO
1.1709;39332C02 -1.13104AO30170o4 27.0(0
1.27d2e07dgl-CO2 2.9?A7ASS022.OU6 26.0(0
J.72'o A-o ~. 31 964 3 12 - 0 2 5 -0(C0
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1.32f29U4v,.3-CO2 3.9657666696*005 24.OCO
1,896r2-0 8.2978t8735o.0oV 23.0CC
1.4468f31136-002 2.5995541364-007 22.OCO
I .5157tl1",A7-002 A .4384544773.o06 21.OCC
1.5915494725-002 -1.6415459126.006 20.OCC
1.6753C44592-CC2 -3.8234935142-004 19.0CO
1.7e.P3Fd;'71j-CO2 -4,6319002506-007 18.0o
1.87241270ge-CO2 4.6053147162.005 17.0CO
1.9894.16Rale-CO2 -3.3347425272-007 16.0CC
2.12PQ60Qi91-Cfl2 -1.1034033355.004 15.0C0
2,2736f145359-00 -3.7546624037.004 14.OCO
2. 44P5 7A572 -002 3.*3811357182-004 13. cCC
2.6525eS 47..CD? -1.9042.347792-005 12.OCCC
2.A937400OA5-002 1.7591417583-004 11.0CC
3.'1C2?059-C2 -3.3004473891-005 10.0cC
3 .53676 71674-CO2 8 .5173788376-005 9. 0cC
3.9708ES0071-002 -5.9563'698214-005 8.0CC
4.54'2244Ag-OD2 4.0432919156.005 7.0cC
5. Cs1t8 926-C0? -1..4648542508.005 6.0CO
A.3662C16117..002 Q.59320715,84.006 5.0tC
7.QS77"06e65 6-002 -5.5760636481-006 4.0CO
.mei03J?tA-Coj 2,7C211OS983-006 3.0Or

1.591549Ah42-C~i -9.20971e',435-007 2.0CC
3.810'8Q4A2-001 P.5221142264-008 1-CCO

8.0 -mumRI
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ADDENDUM B

PROGRAM BRIEF

TITLE. Real Zeros of a Single-Valued Function

IDENTIFICATION NAME. DO-NRL-FCNZERO

PROGRAMMING LANWUAGE. 3600 FORTRAN

COMPUTER AND CONFIGURATION. CDC-3800

PROGRAMMER. Janet P. Mason, Code 7813
Harold L. Tbothman, Code 4319H

NRL ORGANIZATION. Mathematics & Information Sciences Division
Research Computation Center
Code 7813

DATE. 15 January 1968

PURPOSE. To find the real zeros of a single-valued function of one real
variable by a modified Method of False Position.

PROGRAM STATUS. Complete
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ADDUM1 C
LIBRARY PROGRAM A6.3TRCT COVER SHEET (SUBMITTAL FORM)

CATALOG IDENTIFICATION D0-NRL-FC',QO REVISION _

TITLE (DESCRIPTIVE) Real Zeros of a Sjng!e-Valued Function

SOURCE LANGUAGE(S)
AND DIALECT(S) : I6k FORTRAN

OPERATING SYSTEM
AND VERSION DRUM SCOPE Version 2.0

CGIPU TER & CONFIGURATION CDC-3800
exclusive of computer

1020 octal locations (r28 decimal) glyet= libr ar finLtor

CONTRIBUTING ORGANIZATION : . - Nfvt I Research Laboratory: Wahtngton. D 20 19

Janet P. Mason, Code 7813
SUBMITTOR/PROGRAMMER : H. L. Toothman. Code 4IgH REVISOR :

DATE WRITTEN ORIGINAL 3 REVISION

PROGRAM MATERIAL WRITE-UP PAGE COUNT :

SEQUENCED SOURCE-CARD COUNT : 119

M/T RECORD COUNT _ _ PIT RFCORD OUNT

OTHER AVAILABLE DOC!-fENTATION :

ORIGINAL / REVISED PROGRAM CATALOG ABSTRACT

A subroutine to find he real zeros of a single-valued function of one
real variable by a modified Method of False Position.

Ent',, point: FCZERO

NATURE OF REVISION (OR ADDITIONAL INFORMATION)

For Completion by Distribuion, Aency
Original/Previous Revision UGN Page Accessed

Latest Revision : UGN Page Accessed
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UNC LA. SF ID

DOCUMENT CONTROL D.TA R & D

.1 ... .' ... f -4, c ... .. ... ....

Naval Research Laboratory UNCLAL-iFIED
Washington, D.C. 20300 2.

O PT T'. !. f

RESEARCH COMPUTATION CENTER PRO#rIAM PUBLICATION UIDE

A DE SCPI- V'E NOTES (Type of report and inclu-, dotes)

A final report on one phase of the problem; work is continuing.
5 Au T, , 'r , t name, mdde ntra1. l, fla me

Doris E. Gossett, Janet P. Mason, and Alan B. Bligh

R P RT CATE 7C. TOTAL NO OF PAGES Tb NO OF FE S
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